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(57) ABSTRACT

A package structure including a capacitor mounted within a
cavity in the package substrate is disclosed. The package
structure may additionally include a die mounted to a die side
surface of the package substrate, and the opposing land side
surface of the package substrate may be mounted to a printed
circuit board (PCB). The capacitor may be mounted within a
cavity formed in the die side surface of the package substrate
or the land side surface of the package substrate. Mounting a
capacitor within a cavity may reduce the form factor of the
package. The die may be mounted within a cavity formed in
the die side surface of the package substrate. Solder balls
connecting the package to the PCB may be mounted within
one or more cavities formed in one or both of the package
substrate and the PCB.

26 Claims, 10 Drawing Sheets
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LAND SIDE AND DIE SIDE CAVITIES TO
REDUCE PACKAGE Z-HEIGHT

BACKGROUND

Mobile, tablet, and ultrabook technologies require compo-
nents with increasingly reduced dimensions. The form factor
of'a semiconductor package, including the “z-height” and x-y
dimensions, is limited by the components contained within
the package. Components are typically mounted on the sur-
face of a package substrate, and as such the dimensions of the
package are generally determined by the z-height of the com-
ponents and the surface area required to accommodate the
components on the surface of the package substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D illustrate a cross sectional view of a semi-
conductor device including a package substrate having a die
side capacitor (DSC) mounted in a cavity formed in a die side
buildup layer, according to an embodiment of the invention.

FIG. 1E illustrates a cross sectional view of a semiconduc-
tor device including a package substrate having a land side
capacitor (LSC) mounted in a cavity formed in a land side
buildup layer, according to an embodiment of the invention.

FIGS. 2A-2B illustrate a cross sectional view of a semi-
conductor device including a package substrate having a
capacitor and a die each mounted in a cavity formed in an
outer buildup layer, according to an embodiment of the inven-
tion.

FIG. 3A illustrates a cross sectional view of a semiconduc-
tor device including a package mounted to a PCB, where the
package substrate has cavities formed in a land side buildup
layer in which an LSC and solder balls are each mounted,
according to an embodiment of the invention.

FIG. 3B illustrates a cross sectional view of a semiconduc-
tor device including a package mounted to a PCB, where the
package substrate has a cavity formed in a die side buildup
layer in which a DSC is mounted and where the solder balls
are mounted in cavities formed in a land side buildup layer of
the PCB, according to an embodiment of the invention.

FIG. 3C illustrates a cross sectional view of a semiconduc-
tor device including a package mounted to a PCB, where the
package substrate has a cavity formed in a die side buildup
layer in which a DSC is mounted and cavities formed in a land
side buildup layer in which solder balls are mounted, and
where the solder balls are also mounted in cavities formed in
a land side buildup layer of the PCB, according to an embodi-
ment of the invention.

FIG. 4 illustrates a cross sectional view of a semiconductor
device having two packages mounted to opposing sides of a
PCB, where each package has cavities in which a die, a
capacitor, solder balls are mounted, and where the solder balls
are mounted within cavities in the PCB, according to an
embodiment of the invention.

FIGS. 5A-5E illustrate a cross sectional view of a method
for forming a cavity in a package substrate and mounting a
capacitor therein, according to an embodiment of the inven-
tion.

FIG. 6 illustrates a computing system implemented using
capacitors mounted in cavities formed in the package sub-
strate surface in accordance with an example embodiment of
the invention.

DETAILED DESCRIPTION

A semiconductor package having reduced form factor, and
method of forming a reduced form factor semiconductor

10

15

20

25

30

35

40

45

50

55

60

65

2

package are described. In various embodiments, description
is made with reference to figures. However, certain embodi-
ments may be practiced without one or more of these specific
details, or in combination with other known methods and
configurations. In the following description, numerous spe-
cific details are set forth, such as specific configurations,
dimensions and processes, etc., in order to provide a thorough
understanding of the present invention. In other instances,
well-known semiconductor processes and manufacturing
techniques have not been described in particular detail in
order to not unnecessarily obscure the present invention. Ref-
erence throughout this specification to “one embodiment,”
“an embodiment” or the like means that a particular feature,
structure, configuration, or characteristic described in con-
nection with the embodiment is included in at least one
embodiment of the invention. Thus, the appearances of the
phrase “in one embodiment,” “an embodiment” or the like in
various places throughout this specification are not necessar-
ily referring to the same embodiment of the invention. Fur-
thermore, the particular features, structures, configurations,
or characteristics may be combined in any suitable manner in
one or more embodiment.

The terms “over”, “to”, “between” and “on” as used herein
may refer to a relative position of one layer with respect to
other layers. One layer “over” or “on” another layer or bonded
“to” another layer may be directly in contact with the other
layer or may have one or more intervening layers. One layer
“between” layers may be directly in contact with the layers or
may have one or more intervening layers.

In one aspect, embodiments of the invention describe a
package with a reduced form factor having a capacitor
mounted within a cavity formed in at least one buildup layer
in the package substrate. For example, a package may include
apackage substrate having a die side surface to which a die is
mounted and a land side surface, which is mounted to a
printed circuit board (PCB). The package substrate may
include a plurality of buildup layers. A cavity may be formed
in one or more die side buildup layers. A die side capacitor
(DSC) may be mounted within the cavity. Because the height
that the DSC extends above the die side surface is thus
reduced by the depth of the cavity, the total z-height of the
package may be reduced where the DSC is a limiting factor.

In another embodiment, a cavity may be formed in one or
more land side buildup layers of the package substrate. A land
side capacitor (LSC) may be mounted within the cavity. The
height of the LSC may be a factor in establishing the mini-
mum standoff distance between the package and the PCB,
and as such, may affect the minimum size solder ball used in
a ball grid array (BGA) mounting structure. By mounting the
LSC within a cavity, the amount that the LSC protrudes from
the land surface of the package substrate is reduced, also
reducing the minimum required standoff distance and the
minimum required solder ball size. Smaller solder balls may
be spaced closer together, requiring less package surface area
for a constant number of BGA connections. As such, in addi-
tion to reducing the z-height of a package, mounting an LSC
within a cavity in the land surface of the package substrate
may reduce the x-y dimensions of the package.

In another aspect, embodiments of the invention describe a
package having reduced cost. Mounting a capacitor within a
cavity in the surface of the package substrate may allow
expensive, low-profile capacitors to be replaced with cheaper,
larger capacitors without increasing the package z-height.

In another aspect, embodiments of the invention describe a
package with a reduced z-height having a semiconductor die
mounted within a cavity formed in at least one buildup layer
in the package substrate. Where the height of a die is the
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limiting factor determining the z-height of a package, mount-
ing the die within a cavity formed in one or more land side
buildup layers of the package substrate may enable reduced
z-dimensions of the overall package. One or more cavities
may be formed in the active surface of the die, and the bumps
connecting the die to the package substrate may be formed
inside the cavity in order to reduce the z-height of the die
protruding above the die side surface of the package substrate.

In another aspect, embodiments of the invention describe a
package with a reduced z-height having BGA solder balls
mounted within cavities formed in at least one buildup layer
in one or both of the package substrate and the PCB. For
example, land side cavities are formed in one or more land
side buildup layers of the package substrate. The height of the
solder ball that is contained within the cavity reduces the
z-height of the assembly including the package and the PCB.
In another embodiment, PCB cavities are formed in one or
more buildup layers of the PCB. The BGA solder balls may be
mounted within the cavities, reducing the contribution of the
BGA solder joints to the overall z-height of the assembly
including the package. Where packages are mounted to
opposing sides of the PCB, cavities may be formed in each
side of the PCB in order to reduce the total z-dimension of the
assembly.

In yet another aspect, embodiments of the invention
describe a method for forming a package having a reduced
form factor by embedding one or more package components
within a cavity formed in at least one buildup layer in the
package substrate. A package substrate having a plurality of
buildup layers is laser drilled to form a cavity extending
through one or more buildup layers. A component, such as a
capacitor, may be mounted within the cavity. The method
reduces the contribution of surface-mounted components to
the overall z-height of a semiconductor package.

FIGS. 1A-1E illustrate a semiconductor device having
reduced z-height including a capacitor mounted within a cav-
ity in the package substrate, according to an embodiment of
the invention. In FIG. 1A, semiconductor device 100 includes
a package 104 mounted to a PCB 102, according to an
embodiment. In an embodiment, PCB 102 is a motherboard
or system board for a PC, ultrabook, tablet, or mobile device.
In another embodiment, PCB 102 is a daughter card that is to
be placed on a motherboard. In an embodiment, PCB 102 is a
conventional multilayer PCB comprising a plurality of PCB
buildup layers (not shown). In an embodiment, the PCB
buildup layers are each from 40 to 60 um thick. It is to be
understood that PCB 102 may have additional components
and/or packages mounted thereon.

In an embodiment, package 104 includes a package sub-
strate 110 and a number of components mounted thereto, for
example, die 118 and die side capacitor (DSC) 122. Itis to be
understood that additional active and passive surface compo-
nents may be mounted to package 104. Package substrate 110
has a land side 109 facing PCB 102 and a die side 111, on
which die 118 is mounted, according to an embodiment of the
invention. Package substrate 110 is connected to PCB 102 via
aplurality of solder balls 106, according to an embodiment of
the invention. In an embodiment, solder balls 106 are
mounted to conductive pads 107 on package substrate 110. In
an embodiment, solder balls 106 are mounted to conductive
pads 105 on PCB 102.

In an embodiment, package substrate 110 is a conventional
multilayer substrate, including a plurality of buildup layers
112. Package substrate 110 may have any number of buildup
layers 112. In an embodiment, package substrate 110 has six
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buildup layers 112, as shown in FIG. 1A. In another embodi-
ment, package substrate 110 has four buildup layers, as
shown in FIGS. 1B and 1C.

Buildup layers 112 conform to conventional configura-
tions for such layers as commonly used in multilayer package
substrates. In an embodiment, buildup layers 112 have a
configuration adapted to allow the routing of electricity/sig-
nals at various levels within the multilayer substrate as would
be readily recognized by one of ordinary skill in the art.
Buildup layers 112 include dielectric material, metallization
lines 114 and through vias 116, according to an embodiment.
In an embodiment, metallization lines 114 and through vias
116 interconnect components mounted to the package sub-
strate 110 and lands connecting package 104 to PCB 102. A
variety of dielectric materials may be used to form buildup
layers 112, as is known in the art, for example, ABF or
polyimide. Metallization lines 114 and through vias 116 may
be formed from a suitable conductive material, for example,
copper. In an embodiment, each buildup layer is from 10-50
um thick.

In an embodiment, package substrate 110 additionally
comprises a core 132, as shown in FIG. 1C. Core 132 may be
formed from an insulative material, for example, bismaleim-
ide triazine (BT). In an embodiment, plated through vias 133
extend through core layer 132 in order to electrically connect
buildup layers on opposing sides of the core. Plated through
vias 133 may be formed from an appropriate conductive
material, such as copper.

Referring back to FIG. 1A, cavity 124 extends through one
buildup layer 112 on the die side surface 111 of package
substrate 110, according to an embodiment of the invention.
DSC 122 is mounted within cavity 124, according to an
embodiment of the invention. In an embodiment, DSC 122 is
mounted to package substrate 110 via conductive pads 126. In
an embodiment, conductive pads 126 are located at least
partially within cavity 124. In an embodiment, conductive
pads 126 connect to metallization 114 within package sub-
strate 110. Conductive pads 126 may be formed from any
suitable material, for example, Cu. In an embodiment, mount-
ing DSC 122 within cavity 124 reduces the z-height of pack-
age 104. In an embodiment, the z-height of the package is
reduced by an amount corresponding to the thickness of one
ormore buildup layers 112. In an embodiment, the z-height of
the package is reduced by 20-80 um.

In FIG. 1D, the die side surface 111 of package substrate
110 contains a cavity 125 extending through three buildup
layers 112, according to an embodiment of the invention.
DSC 123 is mounted within cavity 125, according to an
embodiment. In an embodiment, DSC 123 is mounted within
cavity 125 via conductive pads 126. In an embodiment, the
depth of cavity 125 is such that DSC 123 does not protrude
from the die side surface 111 of package substrate 110. In
another embodiment, DSC 123 protrudes from the die side
surface 111.

In FIG. 1E, semiconductor device 100 includes a package
104 having a land side capacitor (LSC) 128 mounted in a
cavity 130 formed within the land side surface 109 of package
substrate 110, according to an embodiment of the invention.
In an embodiment, cavity 130 is formed in the outer buildup
layer 112 on the land side surface 109 of package substrate
110, as shown in FIG. 1E. In another embodiment, cavity 130
is formed within two or more buildup layers 112. LSC 128
may be mounted in cavity 130 via conductive pads 126. In an
embodiment, at least a portion of LSC 128 protrudes from the
land surface 109. In another embodiment, LSC is fully
embedded within cavity 130; that is, LSC 128 does not pro-
trude from the land side surface 109.
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In an embodiment, the height of the LSC 128 protruding
from the land side 109 of package substrate 110 is a limiting
factor in determining the minimum standoff height Hg,
between the package 104 and the PCB 102. As such, mount-
ing L.SC 128 within a cavity 130 may enable reduction of the
standoff height Hg, as compared to mounting a capacitor
directly on the land side surface 109 of package substrate 110.
A reduced standoff height Hg, may reduce the overall
z-height of the semiconductor device 100. Additionally, the
standoff height H, may be reduced by using smaller solder
balls, which may be spaced closer together than the larger
solder balls associated with the larger standoff height. The
reduced solder ball spacing reduces the surface area required
to accommodate a given number of connections between the
package and the PCB, enabling reduction of the x-y dimen-
sions of the package. Furthermore, mounting [.SC 128 within
cavity 130 may allow the use of a cheaper, larger capacitor
without increasing the z-height of the package.

FIGS. 2A-2B illustrate a semiconductor device including a
die and a capacitor each mounted in a cavity in the surface of
the package substrate in order to reduce the z-height of the
package, according to an embodiment of the invention. In
FIG. 2A, a cavity 136 extends through one outer buildup layer
112 on the die side 111 of package substrate 110, according to
an embodiment. In another embodiment, cavity 136 extends
through a plurality of buildup layers 112. In an embodiment,
semiconductor die 118 is mounted within cavity 136. In an
embodiment, semiconductor die 118 may be mounted via
bumps 120.

Cavity 124 extends through one outer buildup layer 112 on
the dies side 111 of package substrate 110, according to an
embodiment. In an embodiment, DSC 122 is mounted within
cavity 124. While cavity 124 and cavity 136 are illustrated
having the same depth of one buildup layer 112, it is to be
understood that cavity 124 and cavity 136 may have different
depths in other embodiments. In addition, a package 104 may
comprise an LSC mounted on the land side surface 109 of the
package substrate 110 in addition to DSC 122, according to
an embodiment. In another embodiment, the package 104
comprises an LSC on the land side 109 of the package sub-
strate in lieu of DSC 122.

By mounting both the die 118 and the DSC 122 each in a
cavity in the package substrate surface, the impact that the die
118 and DSC 122 have on the package z-height is reduced. In
an embodiment, mounting die 118 within cavity 136 reduces
the z-height of package 104 by an amount corresponding to
the thickness of one or more buildup layers 112. In an
embodiment, mounting die 118 within cavity 136 reduces the
z-height of the package substrate 104 by 20-40 um.

InFIG. 2B, die 118 has a die cavity 138 in the active surface
of'the die, according to an embodiment of the invention. In an
embodiment, die cavity 138 is a single cavity formed within
the surface of die 118. In another embodiment, each bump
120 is recessed within an individual cavity 138. In an embodi-
ment, recessing bumps 120 within die cavity 138 further
reduces the height of the die 118 protruding from the die side
surface 111 of the package substrate 110 by 5-15 um.

FIGS. 3A-3C each illustrate a cross sectional view of a
package mounted to a PCB via a plurality of solder balls,
where the solder balls are recessed in one or both of the
package substrate and the PCB in order to reduce the z-height
of'the semiconductor device, according to an embodiment of
the invention. In FIG. 3A, solder balls 106 connect the pack-
age 104 to PCB 102, according to an embodiment of the
invention. In an embodiment, solder balls 106 are mounted
within land side cavities 140 in the land side surface 109 of
package substrate 110. In an embodiment, land side cavities
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140 extend through one outer buildup layer 112 on land side
109. In another embodiment, land side cavities 140 extend
through a plurality of buildup layers 112 on land side 109. In
an embodiment, solder balls 106 are mounted to package 110
via conductive pads 107 within land side cavities 140. By
mounting solder balls 106 within land side cavities 140, the
standoff height H, between the package 104 and PCB 102 is
reduced, reducing the overall system z-height. In an embodi-
ment, the standoff height Hg,, is reduced by 20-40 um.

Package substrate 110 has a cavity 130 formed in the outer
buildup layer 112 on land side 109, according to an embodi-
ment. In an embodiment, LSC 128 is accommodated within
the reduced H,, by mounting [.SC 128 within cavity 130. In
an embodiment, package 104 includes DSC 122, mounted
within cavity 124 in the die side surface 111 of package
substrate 110. Mounting DSC 122 within cavity 124 may
reduce the z-height of package 104 by an amount correspond-
ing to the thickness of one or more buildup layers 112. In an
embodiment, mounting DSC 122 within cavity 124 reduces
the z-height of package 104 by 20-40 um. Though both an
LSC and DSC are shown in FIG. 3A, another embodiment of
the package 104 includes a die 118 and a DSC 122, each
mounted within a cavity in package substrate 110, without
including an LSC mounted within a cavity. In another
embodiment, package 104 includes a die118 and an LSC 128,
each mounted within a cavity in package substrate 110, with-
out including a DSC mounted within a cavity.

In FIG. 3B, solder balls 106 are mounted within PCB
cavities 142 in PCB 102, according to an embodiment of the
invention. In an embodiment, PCB cavities 142 are formed in
one or more buildup layers of the PCB 102. In an embodi-
ment, conductive pads 105 are formed within PCB cavities
142. In an embodiment, solder balls 106 are mounted to PCB
102 via conductive pads 105. In an embodiment, by mounting
solder balls 106 within PCB cavities 142 in PCB 102, the
standoff height Hg,, and is reduced by 40-60 um.

In an embodiment, package 104 in FIG. 3B includes DSC
122 mounted within a cavity 124 formed in the die side
surface 111 of package substrate 110. In an embodiment,
package 104 in FIG. 3B includes L.SC 128 mounted within a
cavity 130 formed in the land side surface 109 of package
substrate 110. In an embodiment, package substrate 110
includes only one of cavity 124 containing DSC 122 and
cavity 130 containing L.SC 128.

In FIG. 3C, solder balls 106 are mounted within land side
cavities 140 in land surface 109 of package substrate 110 and
PCB cavities 142 in PCB 102, according to an embodiment of
the invention. By mounting solder balls 106 within cavities in
both the package substrate 110 and PCB 102, the standoff
height Hg,, and the overall z-height of the semiconductor
device 100 is reduced. In an embodiment, cavities 140 and
142 enable a reduction of the standoff height H,, and the
z-height of package 104 by 60-100 um.

In an embodiment, package 104 in FIG. 3C includes DSC
122 mounted within a cavity 124 formed in the die side
surface 111 of package substrate 110. In an embodiment,
package 104 in FIG. 3C includes L.SC 128 mounted within a
cavity 130 formed in the land side surface 109 of package
substrate 110. In an embodiment, package substrate 110
includes only one of cavity 124 containing DSC 122 and
cavity 130 containing L.SC 128.

FIG. 4 illustrates a cross sectional view of a semiconductor
device 100 including two packages 104 A and 104B mounted
to opposing sides of PCB 102, where the semiconductor
device 100 has reduced z-height, according to an embodiment
of the invention. In an embodiment of the invention, solder
balls 106 are each mounted in a pair of cavities 140 and 142
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in package substrates 110 and PCB 102, respectively, as
described above with respect to FIG. 3C. In an embodiment,
cavities 140 and 142 enable a reduction of the overall system
z-height by reducing the standoff height H,, between pack-
age substrates 110 and PCB 102. In an embodiment, each
standoff height H,,, and Hg is reduced by 60-100 um.

Dies 118 are each mounted in a cavity 136 within a buildup
layer 112 on die side 111 of each package substrate 110,
according to an embodiment. In addition, bumps 120 are
located within die cavity 138 formed in the active surface of
each die 118, according to an embodiment, as discussed
above with respect to FIG. 2B. By recessing bumps 120
within cavities 136 and 138, the height of die 118 protruding
from the die side surface 111 of a package substrate 110 may
bereduced. In an embodiment, the z-height of packages 104A
and 104B are each reduced by 25-50 um.

As compared to a semiconductor device having similar
components but no cavities, the device 100 illustrated in FIG.
4 may have a reduced z-height due to the use of cavities 124,
136,138,140, and 142, in packages 104A and 104B mounted
on opposing sides of the PCB 102, according to an embodi-
ment of the invention. In an embodiment, the z-height of
device 100 is reduced up to 300 um as compared to conven-
tional systems that do not have cavities.

FIGS. 5A-5E illustrate a method for mounting a capacitor
in a cavity formed in one or more buildup layers of the
package substrate, according to an embodiment of the inven-
tion. A package substrate 510 is provided in FIG. 5A, accord-
ing to an embodiment. Package substrate 510 may be a com-
mercially available multilayer substrate. In an embodiment,
package substrate 510 includes a plurality of buildup layers
512. In an embodiment, buildup layers 512 include metalli-
zation lines 514 and through vias 516.

In FIG. 5B, a cavity 524 is drilled in one outer buildup layer
512 of package substrate 510, according to an embodiment of
the invention. In an embodiment, cavity 524 is drilled by laser
drilling. In an embodiment, cavity 524 may be drilled through
a plurality of buildup layers 512, depending on the desired
depth. Next, in FIG. 5C, conductive material 526 is formed in
the bottom of cavity 524, according to an embodiment of the
invention. Conductive material 526 may form conductive
pads that connect to metallization lines 514 and vias 516
within package substrate 510. Conductive material 526 may
be formed within cavity 524 by plating. Then, in FIG. 5D,
capacitor 522 is mounted within cavity 524, according to an
embodiment of the invention. In an embodiment, capacitor
522 is mounted to metallization 514 via conductive material
526.

In FIG. 5E, additional components have been mounted to
package substrate 510 in order to form package 504, accord-
ing to an embodiment of the invention. For example, die 518
is mounted to the die side surface 511 of package substrate
510. Additionally, the land side surface 509 of package sub-
strate 510 has been mounted to PCB 502, according to an
embodiment. Cavity 526 and capacitor 522 are shown in die
side 511 of package substrate 510, according to an embodi-
ment. In another embodiment, cavity 526 and capacitor 522
are formed in the land side surface 509 of package substrate
510. Semiconductor device 500 may comprise additional
cavities in which additional components may be mounted in
order to reduce the z-height of the system.

FIG. 6 illustrates a computing device 600 in accordance
with one implementation of the invention. The computing
device 600 houses a board 602. The board 602 may include a
number of components, including but not limited to a proces-
sor 604 and at least one communication chip 606. The pro-
cessor 604 is physically and electrically coupled to the board
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602. In some implementations the at least one communication
chip 606 is also physically and electrically coupled to the
board 602. In further implementations, the communication
chip 606 is part of the processor 604.

Depending on its applications, computing device 600 may
include other components that may or may not be physically
and electrically coupled to the board 602. These other com-
ponents include, but are not limited to, volatile memory (e.g.,
DRAM), non-volatile memory (e.g., ROM), flash memory, a
graphics processor, a digital signal processor, a crypto pro-
cessor, a chipset, an antenna, a display, a touchscreen display,
a touchscreen controller, a battery, an audio codec, a video
codec, a power amplifier, a global positioning system (GPS)
device, a compass, an accelerometer, a gyroscope, a speaker,
a camera, and a mass storage device (such as hard disk drive,
compact disk (CD), digital versatile disk (DVD), and so
forth). In an embodiment, these other components are
mounted to the board 602 via BGA solder balls recessed
within cavities in accordance with embodiments of the inven-
tion.

The communication chip 606 enables wireless communi-
cations for the transfer of data to and from the computing
device 600. The term “wireless” and its derivatives may be
used to describe circuits, devices, systems, methods, tech-
niques, communications channels, etc., that may communi-
cate data through the use of modulated electromagnetic radia-
tion through a non-solid medium. The term does not imply
that the associated devices do not contain any wires, although
in some embodiments they might not. The communication
chip 606 may implement any of a number of wireless stan-
dards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE
802.20, long term evolution (LTE), Ev-DO, HSPA+,
HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA,
DECT, Bluetooth, derivatives thereof, as well as any other
wireless protocols that are designated as 3G, 4G, 5G, and
beyond. The computing device 600 may include a plurality of
communication chips 606. For instance, a first communica-
tion chip 606 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second
communication chip 606 may be dedicated to longer range
wireless communications such as GPS, EDGE, GPRS,
CDMA, WIMAX, LTE, Ev-DO, and others. The communi-
cation chip 606 also includes an integrated circuit die pack-
aged within the communication chip 606. In an embodiment,
communication chip 606 is coupled to the board 602 using
BGA structures including solder balls mounted in cavities
formed in the surface of board 602 in accordance with
embodiments of the invention.

The processor 604 of the computing device 600 includes an
integrated circuit die packaged within the processor 604. In
an embodiment, the integrated circuit die is mounted within a
cavity formed in the surface of the package substrate. In an
embodiment, processor 604 includes a capacitor mounted
within a cavity in the surface of the package substrate. In an
embodiment, processor 604 is coupled to the board 602 using
BGA structures including solder balls mounted in cavities
formed in the surface of board 602 in accordance with
embodiments of the invention. The term “processor” may
refer to any device or portion of a device that processes
electronic data from registers and/or memory to transform
that electronic data into other electronic data that may be
stored in registers and/or memory.

In various implementations, the computing device 600
may be a laptop, a netbook, a notebook, an ultrabook, a
smartphone, a tablet, a personal digital assistant (PDA), an
ultra mobile PC, a mobile phone, a desktop computer, a



US 9,293,426 B2

9

server, a printer, a scanner, a monitor, a set-top box, an enter-
tainment control unit, a digital camera, a portable music
player, or a digital video recorder. In further implementations,
the computing device 600 may be any other electronic device
that processes data.

In an embodiment, a semiconductor device comprises a
package substrate having a plurality of buildup layers; a cav-
ity in one or more buildup layers; and a capacitor mounted
within the cavity. The semiconductor device may further
comprise a die mounted to a die side of the package substrate.
The cavity may be located on the die side of the package
substrate. The semiconductor device may further comprise a
printed circuit board (PCB), wherein the PCB has a first
surface mounted to a land side of the package substrate. The
cavity may be located on the land side of the package sub-
strate. The package substrate may further comprise a core on
which the plurality of buildup layers is formed. The die may
be mounted within a second cavity in the package substrate.
The semiconductor device may further comprise a die cavity
in an active surface of the die, wherein the die is mounted to
the package substrate via bumps within the die cavity. The
semiconductor device may further comprise a second cavity
formed within one or more buildup layers, wherein a second
capacitor is mounted within the second cavity. In an embodi-
ment, the capacitor protrudes from the surface of the package
substrate. In an embodiment, the capacitor does not protrude
from the surface of the package substrate. The semiconductor
device may further comprise a plurality of solder balls mount-
ing the PCB to the land side of the package substrate, wherein
each of the plurality of solder balls is mounted within a land
side cavity in one or more buildup layers on the land side of
the package substrate. The semiconductor device may further
comprise a plurality of solder balls mounting the PCB to the
land side of the package substrate, wherein each of the plu-
rality of solder balls is mounted within a PCB cavity in one or
more buildup layers of the PCB. The semiconductor device
may further comprise a plurality of solder balls mounting the
PCB to the land side of the package substrate, wherein each of
the plurality of solder balls is mounted within a land side
cavity in one or more buildup layers on the land side of the
package substrate and within a PCB cavity in one or more
buildup layers of the PCB. The semiconductor device may
further comprise a second package substrate having a land
side mounted to a second surface of the PCB, wherein the
second surface of the PCB is opposite the first surface of the
PCB. The second package substrate may comprise a plurality
of'buildup layers, and wherein a second capacitor is mounted
in second cavity within one or more of the buildup layers.

In an embodiment, a device comprises a PCB having a first
surface; a first package mounted to the first surface, the first
package comprising a package substrate having a die side
surface and a land side surface; a die mounted to the package
substrate; and a capacitor mounted within a cavity in the
package substrate; and a plurality of solder balls mounting the
land side of the package substrate to the PCB. The cavity may
be formed in the die side surface of the package substrate. The
package substrate may comprise a plurality of buildup layers,
and wherein the cavity extends through one or more buildup
layers. The cavity may be formed in the land side surface of
the package substrate. The package substrate may comprise a
plurality of buildup layers, and wherein the cavity extends
through one or more buildup layers. The die may be mounted
in a cavity formed in the die side surface of the package
substrate. In an embodiment, each solder ball is mounted
within a land side cavity formed within the land side surface
of the package substrate. In an embodiment, each solder ball
is mounted within a PCB cavity formed within the first sur-
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face of the PCB. In an embodiment, each solder ball is
mounted within a land side cavity formed within the land side
surface of the package substrate and a PCB cavity formed
within the first surface of the PCB. The device may further
comprise a second package mounted to a second surface of
the PCB, wherein the second surface is opposite the first
surface.

In an embodiment, a method comprises drilling a cavity in
a package substrate; forming a contact material within the
cavity; and mounting a component to the contact material.
The component may be a capacitor. The drilling may be
performed using a laser drill. The package may comprise a
plurality of buildup layers, wherein the cavity extends
through one or more buildup layers.

Although the invention has been described with reference
to specific embodiments, it will be understood by those
skilled in the art that various changes may be made without
departing from the spirit or scope of the invention. Accord-
ingly, the disclosure of embodiments of the invention is
intended to be illustrative of the scope of the invention and is
not intended to be limiting. It is intended that the scope of the
invention shall be limited only to the extent required by the
appended claims. For example, to one of ordinary skill in the
art, it will be readily apparent that the internal spacers and the
related structures and methods discussed herein may be
implemented in a variety of embodiments, and that the fore-
going discussion of certain of these embodiments does not
necessarily represent a complete description of all possible
embodiments.

Additionally, benefits, other advantages, and solutions to
problems have been described with regard to specific embodi-
ments. The benefits, advantages, solutions to problems, and
any element or elements that may cause any benefit, advan-
tage, or solution to occur or become more pronounced, how-
ever, are not to be construed as critical, required, or essential
features or elements of any or all of the claims.

Moreover, embodiments and limitations disclosed herein
are not dedicated to the public under the doctrine of dedica-
tion if the embodiments and/or limitations: (1) are not
expressly claimed in the claims; and (2) are or are potentially
equivalents of express elements and/or limitations in the
claims under the doctrine of equivalents.

What is claimed is:

1. A semiconductor device, comprising:

a package substrate having a plurality of buildup layers;

a die mounted to a die side of the package substrate,
wherein the die has a die cavity in an active surface of the
die, wherein the die is mounted to the package substrate
via bumps within the die cavity;

a cavity in one or more buildup layers; and

a capacitor mounted within the cavity wherein said capaci-
tor is not in vertical alignment to said die.

2. The semiconductor device of claim 1, further comprising

a printed circuit board (PCB), wherein the PCB has a first
surface mounted to a land side of the package substrate.

3. The semiconductor device of claim 1, wherein the pack-
age substrate further comprises a core on which the plurality
of buildup layers is formed.

4. The semiconductor device of claim 1, wherein the die is
mounted within a second cavity in the package substrate.

5. The semiconductor device of claim 1, further comprising
a second cavity formed within one or more buildup layers,
wherein a second capacitor is mounted within the second
cavity.

6. The semiconductor device of claim 1, wherein the
capacitor protrudes from the surface of the package substrate.
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7. The semiconductor device of claim 1, wherein the
capacitor does not protrude from the surface of the package
substrate.

8. The semiconductor device of claim 2, further comprising
a plurality of solder balls mounting the PCB to the land side
of the package substrate, wherein each of the plurality of
solder balls is mounted within a land side cavity in one or
more buildup layers on the land side of the package substrate.

9. The semiconductor device of claim 2, further comprising
a plurality of solder balls mounting the PCB to the land side
of the package substrate, wherein each of the plurality of
solder balls is mounted within a PCB cavity in one or more
buildup layers of the PCB.

10. The semiconductor device of claim 2, further compris-
ing a plurality of solder balls mounting the PCB to the land
side of the package substrate, wherein each of the plurality of
solder balls is mounted within a land side cavity in one or
more buildup layers on the land side of the package substrate
and within a PCB cavity in one or more buildup layers of the
PCB.

11. The semiconductor device of claim 2, further compris-
ing a second package substrate having a land side mounted to
a second surface of the PCB, wherein the second surface of
the PCB is opposite the first surface of the PCB.

12. The semiconductor device of claim 11, wherein the
second package substrate comprises a plurality of buildup
layers, and wherein a second capacitor is mounted in second
cavity within one or more of the buildup layers.

13. A device, comprising:

a PCB having a first surface;

a first package mounted to the first surface, the first pack-

age comprising:

a package substrate having a die side surface and a land
side surface;

a die mounted to the package substrate; and

a capacitor mounted within a cavity in the package sub-
strate wherein

the capacitor is not in vertical alignment to the die;

a second package mounted to a second surface of the PCB,
wherein the second surface is opposite the first surface;
and

a plurality of solder balls mounting the land side of the
package substrate to the PCB.

14. The device of claim 13, wherein the cavity is formed in

the die side surface of the package substrate.

15. The device of claim 14, wherein the package substrate
comprises a plurality of buildup layers, and wherein the cav-
ity extends through one or more buildup layers.

16. The device of claim 14, wherein the cavity is formed in
the land side surface of the package substrate.

17. The device of claim 16, wherein the package substrate
comprises a plurality of buildup layers, and wherein the cav-
ity extends through one or more buildup layers.

18. The device of claim 13, wherein the die is mounted in
a cavity formed in the die side surface of the package sub-
strate.

19. The device of claim 13, wherein each solder ball is
mounted within a land side cavity formed within the land side
surface of the package substrate.
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20. The device of claim 13, wherein each solder ball is
mounted within a PCB cavity formed within the first surface
of the PCB.

21. The device of claim 13, wherein each solder ball is
mounted within a land side cavity formed within the land side
surface of the package substrate and a PCB cavity formed
within the first surface of the PCB.

22. A semiconductor device;

a package substrate having a plurality of build up layers,

the package substrate having a die side and a land side;

a die mounted to the die side of the package substrate,
wherein the die has a die cavity in an active surface of the
die, wherein the die is mounted to the package substrate
via bumps within the die cavity; and

a cavity in one or more build up layers on the die side of the
package substrate; and

a capacitor mounted within the cavity.

23. The semiconductor device comprising:

a package substrate having a plurality of build up layers,
the package substrate having a die side and a land side;

a die mounted to the die side of the package substrate;

a cavity in one or more build up layers of the package
substrate;

a capacitor mounted within the cavity;

a printed circuit board (PCB) wherein the PCB has a first
surface mounted to the land side of the package substrate
by a plurality of solder balls; and

a second package substrate having a land side mounted to
a second surface of the PCB, wherein the second surface
of the PCB is opposite the first surface of the PCB.

24. A device, comprising:

a PCB having a first surface;

a first package mounted to the first surface, the first pack-
age comprising:

a package substrate having a die side surface and a land
side surface;

a die mounted to the package substrate; and

a capacitor mounted within a cavity in the package sub-
strate;

a plurality of solder balls mounting the land side of the
package substrate to the PCB; and

a second package mounted to a second surface of the PCB,
wherein the second surface is opposite the first surface.

25. A semiconductor device, comprising:

a package substrate having a plurality of buildup layers;

a die wherein the die mounted to a die side of the package
substrate;

a cavity in one or more buildup layers;

a capacitor mounted within the cavity wherein said capaci-
tor is not in vertical alignment to said die;

a printed circuit board (PCB), wherein the PCB has a first
surface mounted to a land side of the package substrate;
and

a second package substrate having a land side mounted to
a second surface of the PCB, wherein the second surface
of the PCB is opposite the first surface of the PCB.

26. The semiconductor device of claim 25, wherein the
second package substrate comprises a plurality of buildup
layers, and wherein a second capacitor is mounted in second
cavity within one or more of the buildup layers.

#* #* #* #* #*
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